Intracellular nucleocapsids, virtually free of host proteins and nucleic acids, were purified from cells acutely infected with several strains of mumps virus. Viral RNA obtained from the nucleocapsids was predominantly a single 50S species, with 28S RNA occurring as a secondary peak in the RNA profile. Nucleocapsids yielded approx. 9 pg 50S RNA per 10 9 infected cells. The 50S RNA was partially self-complementary, indicating that mumps viral nucleocapsids include full-length plus (+) sense antigenomes. Self-annealing and competition hybridization assays with 50S RNA suggest that 28S RNA includes duplexes consisting of full-length (+) and minus (-) sense 50S RNA. Properties of the viral RNA did not vary with the method of RNA isolation, time post-infection at which nucleocapsids were harvested, nor the strain of mumps virus.
Mumps virus is a paramyxovirus that causes acute inflammatory disease of the respiratory tract, salivary glands, gonads, pancreas and the central nervous system of man (Azumi, 1969; Bang & Bang, 1943) . In the laboratory the virus is difficult to grow and purify; therefore, at present, there is relatively little data on its structure and replication. East & Kingsbury (1971) previously identified negative sense 50S RNA as the predominant RNA species in virions of the chick embryo-adapted Enders strain, an attenuated, prototype vaccine strain (Enders et al., 1946) . They also described significant amounts of intracellular subgenomic viral RNA, including (+) sense sequences. In the present study, intracellular nucleocapsids were isolated and purified from cells acutely infected with various strains of mumps virus. These virus strains included a low passage human isolate (M J) and a neuroadapted strain (Kilham), both grown in Vero cells, and the Enders strain grown in either chick embryo fibroblasts (CEF) or chick embryo (McCarthy et aL, 1980) . Vero or CEF-grown virions had RNA profiles that were dominated by 4S, 18S and 28S species (data not shown), which were most likely cellular RNAs (East & Kingsbury,-1971; Kolakofsky & Bruschi, 1975) . For these reasons mumps virions were not an experimentally useful source of viral RNA. After purification through two types of CsC1 gradients, intracellular nucleocapsids were virtually free of host proteins and nucleic acids. Viral RNA was obtained in high yield, with 50S RNA the predominant species and very little subgenomic RNA. The 50S RNA was homogeneous in size but included genome and antigenome sequences.
To obtain optimum yields of radioactively labelled RNA, infected cells were labelled under conditions which would also label host macromolecules, i.e. continuous 48 h label in the absence of actinomycin D. Thus, it was necessary to confirm the purity of the nucleocapsid preparation by immunoprecipitation with rabbit antisera to intact Enders virus. Comparative electrophoresis of [35S]methionine-labelled nucleocapsid preparations before and after immunoprecipitation ( Fig. 1) indicated that the same labelled polypeptides were present in each case. All of these polypeptides occur in nucleocapsid preparations from intact virions (McCarthy & Johnson, 1980a) . When P~S]methionine-labelled intracellular nucleocapsid preparations were subjected directly to electrophoresis, Coomassie Blue-stained and autoradiographed polypeptide profiles were also the same (data not shown), eliminating the possibility of contaminating unlabelled host proteins. One difference between virion and 0022-1317/82/0000-4745 $02.00 ~ 1982 SGM Approx. 72 h post-infection, the culture medium was removed and cell monolayers were washed twice with phosphate-buffered saline (PBS), then scraped with a rubber policeman into 10 ml of PBS. Cells were pelleted by centrifugation for 5 min at 2000 g, then resuspended in ET buffer (0.001 M-tris-HCl pH 7.4, 0.001 M-EDTA) at a concn, of approx. 2 × 107 cells/ml. The suspension was incubated on ice for 15 min with intermittent vortexing to thoroughly lyse the cells. The cell lysate was made 1% in Nonidet P40 and incubated an additional 15 min on ice, then centrifuged at 10000 g for 20 min to remove nuclei. The supernatant was subsequently layered on to a 6 ml CsCl-sucrose discontinuous gradient (Mountcastle et al., 1970) and centrifuged at 81500 g and 4 °C for 4 h. The visible nucleocapsid band was located at the 30% CsC1 interface. The band was removed with a syringe, diluted with 30% (w/v) CsC1 in SET buffer (0.1 M-NaC1, 0.05 M-tris-HCl pH 7.4, 0.001 M-EDTA), then centrifuged to equilibrium for 16 h at 169000 g at 4 °C. Nucleocapsids banded at a density of 1.30 g/ml. Purified nucleocapsids were pelleted by centrifugation at 84000 g for 2 h at 4 °C. Pellets were either (a) resuspended directly in electrophoresis sample buffer or (b) immunoprecipitated (McFarlin et aL, 1980) with rabbit antisera to egg-grown Enders virions. Samples were subjected to electrophoresis major nucleocapsid protein has a protease-sensitive site or that there is specific intracellular cleavage of the protein, as has been suggested for other paramyxoviruses (Lamb & Choppin, 1978; Mountcastle et aL, 1970; Sprague et al., 1979; Stallcup et al., 1979) . The nucleocapsid RNA from virus-infected cells was predominantly a single 50S species (Fig. 2a, b) . Small amounts of 28S RNA occurred as a shoulder or second small peak in the RNA profile. Variable amounts of slowly sedimenting material, 4S or smaller, also appeared in 32p-labelled preparations. This material was poorly labelled with uridine and was not digested by pancreatic and T1 ribonucleases, suggesting that it was either of poly(A) sequences or was not RNA. The nucleocapsids purified from chick embryo-grown Enders mumps virions (McCarthy & Johnson, 1980a ) also contained predominantly a single 50S RNA species with some 28S RNA present as a second peak in the sucrose gradient (Fig. 2 c) . The RNA prepared from nucleocapsids might be cellular rather than viral in origin if significant amounts of cellular RNA were co-purified with the intracellular nucleocapsids. In experiments designed to address this problem, uninfected Vero cells were grown for 72 h in phosphate-free medium to which 40/~Ci 32p per ml were added. Lysates were then prepared and mixed with enough unlabelled lysates from mumps virus-infected cells to yield a visible nucleocapsid band in the CsC1 gradients. Nucleocapsids were purified in the usual way, extracted with phenol and the 32p-labelled material subjected to sucrose velocity gradient centrifugation. The total amount of 32p label recovered from this procedure was less than 1% of the amount recovered from infected cells labelled in the identical way and it sedimented as a broad band centred at 18S (see Fig. 2b) . Thus, the labelling and purification procedures contributed a negligible amount of cellular RNA to the nucleocapsid RNA preparation, and this cellular RNA did not correspond in size to the viral RNA species.
Approx. 9/Jg 50S RNA were recovered per 109 cells acutely infected with mumps virus. However, the yield of RNA label in virions purified from infected Vero or chick cell cultures was only 2 to 4 % that from intracellular nucleocapsids. The 50S RNA from intracellular nucleocapsids apparently consisted of a single major species as judged by electrophoresis on 2% acrylamide/0.5% agarose gels. When the 50S RNA was denatured in 90% dimethyl sulphoxide and subjected to a second sucrose velocity gradient centrifugation, a single species of RNA with a 50S sedimentation value was again obtained (data not shown). When labelled with 32p, this 50S RNA was completely degraded after digestion with pancreatic and T1 ribonucleases in salt-free buffer. The 50S RNA self-annealed to a limiting value of 30% indicating that both (+) and (-) strand RNA were present in the nucleocapsids. When hybridized with an excess of intracellular mRNA from infected cells, nucleocapsid RNA annealed to a limiting value of 75 %, showing that the (-) strand was the predominant species. The annealing results suggest that 50S RNA contained both (-) and (+) strands in an approx. ratio of 4 to 1. The amount of self-annealing or mRNA hybridization did not depend on the method of isolation of the RNA, on the time post-infection at which nucleocapsids were harvested, nor on the strain of mumps virus. Moreover, the 50S RNA isolated from egg-grown Enders virions had the same properties as intracellular 50S RNA from Enders virus-infected CEF.
Nucleocapsid-associated 28S RNA was completely degraded after digestion with nucleases in salt-free buffer, but in 0.4 M-NaC1 it self-annealed to 90 % ribonuclease resistance (data not shown). In competition hybridization experiments, 50% of the radiolabel in duplex 28S RNA was out-competed by a large excess of unlabeUed mumps virus 50S RNA, demonstrating the virus specificity of the 28S RNA sequences (data not shown). Duplexes consisting of full-length (+) and (-) sense 50S RNA would be expected to have a sedimentation value of approx. 28S under the given conditions (Baltimore, 1966) . However, the presence of subgenomic or 'defective' RNA in the 28S material cannot be conclusively eliminated.
Purified intracellular nucleocapsids provided high yields of mumps virus RNA without the use of actinomycin D or high multiplicity infection conditions which may affect RNA synthesis (East & Kingsbury, 1971) . Self-annealing of the 50S RNA is consistent with the presence of a significant amount of full-length (+) sense viral antigenomes (Kolakofsky & Bruschi, 1975) among the intracellular viral nucleocapsids. Nucleocapsid preparations from different virus strains contained the same relative proportion of plus sequences, as determined by the extent of 50S and 28S RNA self-annealing. The 30 % self-annealing level is very similar to that reported for Newcastle disease virus (NDV) intracellular 50S RNA (Kolakofsky & Bruschi, 1975) , but much lower than that reported for Sendai virus RNA (Kolakofsky & Bruschi, 1975; Kolakofsky et aL, 1974; Robinson, 1970) . In the one case in which intracellular and virion 50S RNA of the same strain of mumps virus were compared, the self-annealing values were very similar. However, the host for the intracellular nucleocapsids was the chick embryo fibroblast; that for the virions was the chick embryo. Previous studies with Sendai virus and NDV suggested that the host cell influences the relative amount of antigenomes and that the intracellular nucleocapsid pool is comparatively enriched in antigenomes (Kolakofsky & Bruschi, 1975; Soria et al., 1974) . Poor yields of mumps virion RNA have prevented direct comparison of virion and intracellular nucleocapsids from the same host.
Size heterogeneity of virion and intracellular 50S RNA fractions has been reported with measles virus (Hall & ter Meulen, 1977; Miller & Raine, 1979) . This has been attributed to annealing of poly(A)-containing RNA species to 50S RNA or to the presence of 52S or 45S species in highly pleiomorphic virion preparations. Despite the observed size heterogeneity of mumps virus (McCarthy & Johnson, 1980b) , the genomic 50S RNA -either (+) or (-) sense -was the major species incorporated into viral nucleocapsids during acute infection of Vero or chick cells by several different strains of mumps virus. Though East & Kingsbury (1971) described intraceUular subgenomic length RNA in Enders mumps virus-infected chick embryo lung cells, they isolated viral RNA from unfractionated cytoplasm and not from purified
